Introduction
============

Keratoconjunctivitis in sheep is a painful disease. It may cause temporary, or in severe cases permanent blindness. The first signs are hyperaemia, serous lachrymation, increased blinking and blepharospasm \[[@B11]\]. Both eyes usually become affected, although the clinical signs may start in one eye only. Later, the conjunctival blood vessels become dilatated and migrate across the cornea. The cornea may become blackened or greyish, especially in the periphery. After 2 to 5 days the exudate becomes purulent. Occasionally a corneal ulcer develops. Rarely, further infection of the anterior chamber leads to panophthalmitis, and shrinking of the ocular globe. Usually animals begin to recover after a week, but some lambs remain ill for 3 to 4 weeks with weakness and fever \[[@B24]\]. They are anorectic, resulting in weight loss and reduced slaughter weights. According to the last available official veterinary statistics, keratoconjunctivitis is rather common in Norwegian sheep \[[@B28]\]. Practitioners reported 4,470 clinical cases in 1996, most of which were referred to as contagious. The actual incidence is probably higher, since many cases are treated by the owner or not treated at all. Most cases are observed during autumn and winter, after the animals have been taken down from the mountains and are housed indoors. Only scarce information is available on bacteriological findings on cases in Norway. \[[@B27]\] described *Neisseria ovis*, today termed *Moraxella (Branhamella) ovis*, while \[[@B24]\] demonstrated *Rickettsia (Colesiota)*conjunctivae from conjunctival smears and \[[@B26]\] isolated *Listeria monocytogenes*.

Knowledge of the incidence of keratoconjunctivitis, the microorganisms involved and the predisposing and environmental factors are important for correct treatment and prophylaxis. The aim of this study was to clarify the microorganisms involved and their significance. The study has previously been presented at the Sheep Veterinary Society\'s meeting at Sandnes Norway \[[@B1]\].

Materials and methods
=====================

Study design
------------

A multicentric case-control study was performed between October 1993 and February 1994. Two local veterinarians from each of 6 counties located in South, East, West and North Norway participated in the study. Each veterinarian should sample animals from 4 farms, 2 with and 2 without outbreaks of keratoconjunctivitis. On the farms with signs of keratoconjunctivitis, both affected and unaffected animals were sampled. One infected group and 2 control groups were thus created. The animals were sampled when outbreaks occurred. The healthy controls showed no signs of keratoconjunctivitis and had not been treated with antibiotics systemically or locally during the 3 weeks prior to sampling. Animals with entropion were excluded from the study.

Sampling
--------

Sampling equipment and questionnaires were distributed to the veterinarians prior to the study. Sampling on the conjunctiva was carried out on the lower eyelid of one eye with 2 sterile cotton swabs; one was put into a mycoplasma broth (see below) and the other into a bacterial transport medium (Copan, Bovezzo, Italy). Information regarding animal and farm was noted on the questionnaire. The samples and questionnaires were sent via mail to the laboratory.

Cultivation of bacteria
-----------------------

The conjunctival swab was streaked onto 2 heart infusion agar plates with 5% bovine blood (blood agar) and onto one bromthymolblue lactose sucrose agar plate, as described elsewhere (Stuve et al. 1992), and inoculated in heart infusion broth with 5% horse serum. A *Staphylococcus aureus*culture was lined onto one of the blood agar plates before cultivation in an atmosphere containing 5% CO2 in air. The other media were cultivated aerobically. All media were incubated at 37°C for 24 h. The growth of the plates was examined visually. If no growth was observed, the plates were incubated for a further 24 h and the broth was subcultivated on blood agar. The numbers of colonies for each type of bacteria present was recorded as rich, moderate or poor. Representative colonies of bacteria were subcultivated onto blood agar plates and identified through biochemical tests, if necessary through the use of additional identification kits (API -- bioMérieux, Marcy l\'Etolie, France), to genus or species level (listed in Table [1](#T1){ref-type="table"}). The following bacteria were identified to species level: *Listeria monocytogenes, Staphylococcus aureus, Escherichia coli*and *Moraxella (Branhamella) ovis*.

###### 

Isolation of bacteria and mycoplasma from conjunctiva of Norwegian sheep.

  Isolated bacteria                        Farms with outbreaks of keratoconjunctivits   Farms without outbreaks Controls (n = 50)   
  ---------------------------------------- --------------------------------------------- ------------------------------------------- ----
  *Bacillus*spp.                           4                                             6                                           7
  *Corynebacterium*spp.                    1                                             1                                           0
  *Escherichia coli*                       1                                             2                                           0
  *Listeria monocytogenes*                 3                                             0                                           0
  *Micrococcus*spp.                        3                                             2                                           1
  *Moraxella (Branhamella) ovis*           12                                            12                                          5
  *Moraxella*spp.                          6                                             2                                           6
  *Mycoplasma conjunctivae\**              16                                            3                                           4
  *Psedomonas*spp.                         3                                             3                                           4
  *Staphylococcus aureus*                  3                                             1                                           0
  *Staphylococcus*spp.                     11                                            8                                           11
  *Streptococcus*spp./*Enterococcus*spp.   1                                             1                                           1
                                                                                                                                     
                                           64                                            41                                          39

\*5 representative strains out of 23 were identified serologically as *M. conjunctivae*.

Cultivation of mycoplasmas
--------------------------

Two media were used for cultivation of mycoplasmas \[[@B16],[@B19]\], NHS-20 for fastidious acid-producing species and a Hayflick\'s medium enriched with arginine and urea (HAU) \[[@B17]\] for arginine-metabolizing species and for ureaplasma. The transport medium was a Hayflick\'s type with bacitracin (0.3 mg/ml), cycloserine (0.2 mg/ml) and vancomycine (0.15 mg/ml) (all Sigma Chemical Company, St. Louis, MO, USA).

At the laboratory, 0.2 ml of the transport medium was transferred by serial 10 fold dilutions to 10^-5^in NHS-20 and HAU-medium \[[@B19]\]. The media were incubated aerobically at 37°C up to 3 weeks while rolling in a drum. Growth was indicated by a yellow or blue colour change in the medium (pH indicator: phenol red) and a new passage to 10^-4^was set up.

Following approximately 5 passages, the mycoplasmas were adapted to the culture media, and the following diagnostic tests were carried out: cultivation on Sabourauds medium for fungal growth, cultivation on an antibiotic-free medium for growth of bacterial L-forms, cultivation on urea-free medium where ureaplasmas would not grow, cultivation on solid HS-medium to record colony morphology, and for the SPS and digitonin tests \[[@B15]\]. Mycoplasmas were identified to species level with rabbit hyperimmune serum by the disc growth inhibition test (DGI) \[[@B31]\] and indirect Epi-immunofluorescence \[[@B29]\] of colonies on solid medium. *Mycoplasma conjunctivae*type chain (HRC 581) antiserum was used to identify this species.

Statistical method
------------------

The Fisher exact test was used to test statistical differences between cases and controls in relation to bacteriological findings \[[@B2]\].

Results
=======

One hundred and thirty-five animals were sampled, comprising 43 sick animals and 42 healthy animals on 15 farms with outbreaks of keratoconjunctivitis, and 50 animals on 17 farms without signs of keratoconjunctivitis. Both case and control animals had similar age, sex and breed distributions.

The bacteria and mycoplasma isolated from the conjunctiva of the 135 sampled sheep are presented in Table [1](#T1){ref-type="table"}. More than one type of microorganism was isolated from some of the animals. No bacteria were cultivated from 7 sheep (2 sick animals and 5 healthy animals) on farms with disease, and from 2 animals on farms without signs of keratoconjunctivitis.

*Listeria monocytogenes*was isolated from 3 animals with keratoconjunctivitis in one single herd from northern Norway. *S. aureus*(5%), *Corynebacterium*spp. (2%) and *E. coli*(4%) were isolated only in herds with keratoconjunctivitis. For these bacteria, there were no significant differences between cases and controls for numbers of isolates.

*M. (B.) ovis*was isolated from 24 sampled animals in affected herds (28%) and from five sampled animals in healthy herds (10%). No significant difference was found when comparing cases and controls within the affected farms. Significant differences were found when comparing cases or controls from farms with outbreaks of keratoconjunctivitis to controls from farms without keratoconjunctivitis (p \< 0.05).

For all other bacteria found, there were no statistical differences between cases and controls. Mycoplasma strains were isolated from 16 animals with keratoconjunctivitis (37%) and from 3 animals without clinical signs (7%) on farms with keratoconjunctivitis. In farms without clinical signs of keratoconjunctivitis, mycoplasma was isolated from 4 animals (8%). Isolations were made in all 6 counties. The difference between cases and controls was significant (p \< 0.001).

All 23 mycoplasma isolates grew equally well with a yellow colour change in the media NHS-20 and HAU, including *M. conjunctivae*type strain HRC 581. No evidence of growth of alkali-producing strains was noted. All isolates produced acid, displayed fried-egg colony morphology on solid medium, did not revert to a parent L-form, and were distinctly inhibited in the SPS/digitonin test. All the strains showed similar growth characteristics. Five of them were examined serologically using the DGI test and immunofluorescence of colonies. Antiserum against *Mycoplasma conjunctivae*inhibited growth of all 5 isolates.

Discussion
==========

The present study was conducted to estimate the role of various microorganisms in keratoconjunctivitis in Norwegian sheep. Ovine keratoconjunctivitis is considered to have a worldwide distribution. Flies and sun light have been regarded as predisposing factors, and a variety of microorganisms have been listed as causative \[[@B11]\].

In Norway, most cases of ovine infectious keratoconjunctivitis are observed in autumn and winter, perhaps due to the way sheep husbandry is practised in this country. Lambs are born from April to May. In the summer, both ewes and offspring are taken to graze in the mountains or forests, where they stay spread over large areas and receive little human intervention. The predominance of recorded cases during autumn may be linked to the increased contact level between animals and/or the closer level of supervision by farmers that occurs when the sheep are again collected into barns before the winter.

*Mycoplasma conjunctivae*and *Chlamydia psittaci*are generally regarded as pathogens involved in ovine infectious keratoconjunctivitis \[[@B22]\]. *C. psittaci*sometimes causes isolated outbreaks of follicular ovine infectious keratoconjunctivitis \[[@B3],[@B6]\], and is also responsible for polyarthritis in lambs \[[@B21]\]. However, this manifestation was not recorded and the presence of *C. psittaci*was not investigated in the present study. Mycoplasma strains were isolated predominantly from animals with keratoconjunctivitis.

Different species of mycoplasma species can be distinguished by their ability to ferment glucose, utilize arginine, or hydrolyse urea. Arginine hydrolysing mycoplasmas and ureaplasmas both turn HAU medium red, while acid producers, like *M. conjunctivae*, turn it yellow. All our isolated strains lowered the pH of HAU and NHS-20 media at the same speed, i.e. the medium turned yellow in the same dilution and after the same time. Other mycoplasmas *(Mycoplasma arginini, Acholeplasma oculi*and *M. ovipneumoniae)*isolated from cases of ovine keratoconjunctivitis from other countries differ in the above listed properties \[[@B7]\]. Five of the strains were identified as *M. conjunctivae*, and we find it likely that all isolated strains in fact are *M. conjunctivae*.

*Coles*probably described *M. conjunctivae*when he reported *Rickettsiae (Colesiota) conjunctivae*as the main cause of ovine infectious keratoconjunctivitis in 1931. May Grünwald Giemsa-stained conjunctival smears revealed cytoplasmatic inclusion bodies from sheep with keratoconjunctivitis. \[[@B33]\] used acridine orange and iodine stains and isolated mycoplasma from such smears. The proposed cytoplasmatic inclusion bodies were then demonstrated to be extracellular mycoplasma, namely *M. conjunctivae*\[[@B4]\]. *M. conjunctivae*has probably already been demonstrated from conjunctival smears from both sheep and reindeer in Norway \[[@B24],[@B25]\], but to our knowledge, the present study isolated *M. conjunctivae*for the first time. Previous studies, and our study, have isolated *M. conjunctivae*significantly more often from sheep with signs of keratoconjunctivitis than from animals without clinical signs \[[@B10],[@B13],[@B35],[@B36]\]. Keratoconjunctivitis has been induced experimentally by instillation of *M. conjunctivae*in ovine eye sacs \[[@B8],[@B12],[@B23],[@B34]\].

\[[@B27]\] demonstrated *M. (B.) ovis*in ovine infectious keratoconjunctivitis, but was uncertain as to its aetiological role. In some reports *M. (B.) ovis*was isolated more often from eyes with keratoconjunctivitis than from healthy eyes \[[@B9],[@B20]\]. Like \[[@B35]\] we could isolate *M. (B.) ovis*equally often from animals with signs of keratoconjunctivitis as from animals in the same farms without signs of the disease. However, there were only a few isolates from the farms without keratoconjunctivitis. The etiological role of *M. (B.) ovis*is still controversial. Instillation of *M. (B.) ovis*did not induce keratoconjunctivitis, even after previous scarification of the cornea \[[@B14],[@B30],[@B9]\] showed that a smooth type of *M. (B.) ovis*, previously isolated from a field case of keratoconjunctivitis, could increase the severity of clinical signs when introduced into sheep eyes with *M. conjunctive*. It is possible that virulent strains of *M. (B.) ovis*cause keratoconjunctivitis or at least contribute to severity of concurrent *M. conjunctivae*infections \[[@B18]\], as is the case in bovine infectious keratoconjunctivitis, where *Moraxella bovis*is the aetiological agent. These strains may also be unstable under laboratory conditions, explaining why it has been difficult to cause disease experimentally. Before this possibility may be elucidated, however, it will be necessary to determine the virulence factors involved.

The isolation of *L. monocytogenes*from 3 sick animals is an interesting finding. *L. monocytogenes*has previously been isolated from silagefed winter-housed animals \[[@B26],[@B37]\], as it also was in the present study, and is probably only rarely a cause of keratoconjunctivitis.

No significant differences could be demonstrated between the cases of keratoconjunctivitis and controls for the other bacteria isolated, suggesting that these are without significant importance. \[[@B13]\] isolated *S. aureus*from about the same number of sheep with keratoconjunctivitis as from sheep without clinical signs of this disease, but found a possible role in converting mild infection to severe. They also found significantly more *E. coli*isolates in affected sheep than in unaffected animals, but since the prevalence rate was low (7,5%) they considered this agent not to be a primary causal agent. In our study only a few isolates were made of *S. aureus, Corynebacterium*spp. and *E. coli*from animals with and without clinical signs of keratoconjunctivitis, and only in farms having cases of keratoconjunctivitis.

Conclusion
==========

While ovine infectious keratoconjunctivitis has been described throughout the world, this is to our knowledge the first time *M. conjunctivae*was isolated in Norway in association with the disease. The etiological importance of other microorganisms involved in ovine keratoconjunctivitis seems to vary, and some are probably only important as secondary invaders. Other possible causes of keratoconjunctivitis in sheep, such as *C. psittaci*, remain to be investigated.
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